ABSTRACT The purpose of this study was to investigate spider assemblages of the Italian vineyards of Langa Astigiana (northwest Italy). Pitfall trapping and standardized hand collecting were combined to have an overall idea of the spider fauna living in this agroecosystem. A total of 138 samples for pitfall sampling and 92 for hand collecting sites were collected at 23 different times over a period of 2 yr (2003 and 2004). The vineyards differ mainly from agricultural practices (certiÞed organic production, production according to EECÕs Council Regulation 2092/91 on biological agriculture and intensive production) and for the heterogeneity of landscape matrix surrounding them. We studied the inßuence of these two factors on spider assemblages applying canonical correspondence analysis and multiresponse permutation procedures (MRPPs). SigniÞcant results of MRPP were analyzed in terms of hunting strategies. SigniÞcant differences are found among groups according to both landscape heterogeneity and agricultural practices, the Þrst resulting more signiÞcantly. Analyzed in terms of hunting strategies, an increase in landscape heterogeneity seems to provide an increase in ambush spiders and specialized predators, whereas an increase in sheet web weavers seems to be related to homogeneous landscapes.
BECAUSE OF THEIR ABUNDANCE and feeding habits, spiders play an important role in the trophic web of terrestrial ecosystems (Turnbull 1973 , Wise 1993 , Hlivko and Rypstra 2003 . According to Ekschmit et al. (1997) , they are a necessary component of efÞcient, sustainable, and low-input agricultural systems.
A spider community can undergo rapid changes in species composition because of its quick reaction to variations in vegetation structure (Asselin and Baudry 1989) . It is inßuenced by agricultural practices (Luczak 1979, Reichert and Lockley 1984) and chemical treatments (Bajwa and Niazee 2001 , Horton et al. 2001 , Koss et al. 2005 , see Marc et al. 1999 for an overall review). Moreover, landscape ecology gives many examples of the inßuence of landscape heterogeneity, spatial structure, and fragmentation on species distribution and community composition (Burel and Baudry 1999, Vandergast and Gillespie 2004) . However, it seems that agricultural practices affect pitfallcollected spider community composition more than landscape heterogeneity (Jeanneret et al. 2003) .
Only a few authors have focused on spider assemblages in vineyards (Costello and Daane 1997 , 1998 , 2003 , Beck 1991 , Groppali et al. 1997 , Genini 2000 , Isaia et al. 2004 ). The main conclusions of their research are that (1) despite their vegetation structure, vineyards can host a very diversiÞed and abundant spider community, and (2) the maintenance of ground cover between vine rows can play a very important role in maintaining a spider community.
In Piedmont (northwest Italy), as in other countries, this kind of agroecosystem is facing intense transformations, consisting in two apparently opposite processes: land abandonment and agricultural intensiÞcation. IntensiÞcation results in the progressive removal of small natural landscape elements, thus enhancing the overall loss of heterogeneity and its consequences on biotic communities (Ruthsatz and Haber 1981, Harms et al. 1987) .
In this study, we used two sampling techniques (pitfall traps and hand collecting on standard areas of 9 m 2 ) to sample both ground-dwellers and spiders that live above ground level (web weavers and ambush spiders) and to give an overall idea of the spider assemblages living in vineyards. We analyzed the response of spider assemblages to different agricultural practices and to landscape heterogeneity and which of the above-mentioned factors is affecting spider assemblages more.
This study also contributes to the knowledge of the spider fauna in vineyards and of the ecology of Italian species. Indeed, the Italian spider fauna is far from being satisfactorily known (Pesarini 1995) .
Materials and Methods

Study Area
The study area is located in the Langa Astigiana (northwest Italy), a zone with a high density of vineyards with an annual precipitation of nearly 900 mm. We chose 23 sites across Þve areas of Ϸ20 ha each. These are located in the municipalities of Loazzolo, Canelli, Cassinasco, and Costigliole dÕAsti, all of them belong to the Province of Asti, worldwide known for the production of wine. All sampling sites have clay loam as the prevailing soil texture, a south or southwest exposure, and roughly the same altitude (250 Ð 350 m a.s.l.) and slope (10 Ð15%). The vineyards chosen for the analysis have a vertical trellis system, the cultivars are mainly ÔBarberaÕ and ÔMoscatoÕ, and vine age varies from 8 to 25 yr. Vineyards have been grouped into three groups (group B, group E, group H) according to cultural practices (Table 1) . Concerning agricultural practices, group B is composed of vineyards of certiÞed organic production, group E follows European Council Regulation 2092/91 on biological agriculture, and group H includes intensive farms (see Table 2 for details). With reference to landscape heterogeneity, vineyards are grouped into three groups (group 0, group 1, and group 2) according to Shannon index values (SHL) calculated for a 200-m-radius circle around the center of each vineyard, deÞned using a geographic information system. Shannon indices Ͼ1.3 belong to group 2, Ͻ0.8 to group 0, and between values to group 1 (Table 1) .
The environmental characterization of the sampling sites used for multivariate statistics is based on the following metrics: Shannon diversity index (Shannon and Weaver 1949) applied to the landscape (SLH), which estimates the evenness of land use categories in a circle area of 200 m; distance from woods; and mean height of the ground cover.
Spider Sampling
Following Marc et al. (1999) , we used two methods to collect spider assemblages.
Pitfall Traps. Pitfall traps of 6.5 cm diameter Þlled with 20 ml of ethylene glycol 50% were replaced every 3 wk. Sites were randomly selected and sampled in 2003 and 2004. Three samples per year for each of the 23 selected vineyards were taken from April to July according to Table 3 .
Hand Collecting in 9-m 2 Sample Plots. As suggested by Canard (1981), 9-m 2 plots are an optimal choice for Þeld surveys of hand-collected spider fauna. In our study, all spiders seen during 20 min in each 9-m 2 plot were collected with a mouth aspirator. We looked for spiders on the ground and on the leaves, branches and ßowers or fruit of the vines. Two samples per year for each site were performed in June and July (see Table  3 ).
Data Analysis
Relationships between spider assemblages and environmental factors were examined using canonical correspondence analysis (CCA; Ter Braak 1986). Ordinations were performed using the PC-ORD software (version 4; McCune and Mefford 1999). The underlying model in CCA assumes that species abundances are unimodally distributed along an environmental gradient. A set of species is directly related to a set of environmental variables. An ordination diagram is produced by detecting patterns of variation in community composition that can be best explained by the environmental variables. The position of a certain species in the resulting plot indicates the characteristics of the ecological optima for this species: its abundance or probability of occurrence will decrease with distance from its species point (Ter Braak 1986) .
Pitfall-trapped and hand-collected samples were treated separately. In both cases, a Ͻspider species ϫ sample dataϾ matrix was produced using log(x ϩ 1) transformation to stabilize variances. An Ͻenviron-mental variable ϫ sample dataϾ matrix was produced. This matrix included the landscape Shannon diversity index (LAND_DIV), the distance from the closest wood (WOOD_D), and mean height of the ground cover between the vine rows (GR_H). We log-transformed the variables WOOD_D and GR_H, adding a constant (1). Variable GR_H was calculated directly on the Þeld on a plot of 9 m 2 in the center of the vineyard at the same time of the hand sampling. The value of this variable included in the pitfall matrix refers to a mean value of the ground cover during 3 wk sampling calculated on three measurements at the beginning of each week. The species included in the analysis belonged to the 90% of the total sample, rare specie were excluded because the presence of rare species is often dictated by chance (Lesica and Cooper 1998) . Data from the 2 yr were uniÞed according to sampling month. For the pitfall data, the resulting matrix was composed of 46 observations and 17 species; the environmental matrix was composed of 46 observations and three variables. For the hand-collected data, the resulting matrix was composed of 69 observations and 22 species; the environmental matrix was composed of 69 observations and three variables. The site scores were centered with unit variance (biplot scaling). A Monte Carlo test of signiÞcance was performed to test the null hypothesis of no linear relationship between matrices, using 1,000 randomizations.
To test the hypothesis of no difference between matrices, we applied multiresponse permutation procedure (MRPP) (Mielke 1984, Mielke and Berry 2001) . MRPP is a nonparametric procedure for testing the hypothesis of no difference between two or more groups of entities. MRPP was performed with the software PC-ORD version 4 (McCune and Mefford 1999), using Sorensen distance as distance measure between matrices.
Results of MRPP were studied in terms of hunting strategies. Hunting strategies were deducted from literature mainly from general works by Jones (2004) , Roberts (1995) , Heimer and Nentwig (1991) , and from several articles concerning Italian and European spider fauna: Brignoli (1971 Brignoli ( , 1973 Brignoli ( , 1980 , Grimm (1985) , Grimm and Vilbel (1986) , Hormiga et al. (2003) , Levy (1998) , Lugetti and Tongiorgi (1967) , and Proszynski (2003) .
We considered the following categories: AM, ambush prey (mostly Salticids and Thomisids); DW, diurnal wanderer (mostly Lycosids); NW, nocturnal wanderer (mostly Gnaphosids); SP, specialized predators (myrmecophagous, araneophagous, woodlice, and bee-eating spiders) both nocturnal (NW/SP) and diurnal (DW/SP); DM, dome web weavers (Linyphiids belonging to the subfamily of Linyphiinae); FW, funnel web weavers and tubular web weavers (Agelenids and Segestriids); IW, irregular web weavers (Pholcids and spiders that build irregular sticky webs among debris); OW, orb web weavers (Araneids and Tetragnathids); SW, sheet web weavers (Linyphiids belonging to the subfamily of Erigonids and some other little spiders that spin very simple webs among detritus such as some Theridiids, Hahniids, and Titanoecids); and CW, criss-cross web weavers (Theridiids).
Results
Spider Community
In total, 1,944 spiders belonging to 95 (morpho)species (in several cases, spiders were just present as juvenile and could not be identiÞed at species level), 79 genera, and 26 families were collected (Table 4) : 1,161 spiders belonging to 66 species were collected by hand, 783 spiders belonging to 47 species were collected in pitfall traps. Spider community according to different sample methods and grouped by agricultural practices and landscape heterogeneity are summarized in Table 5 .
Hand-collecting sampled the highest number of specimens and showed the highest diversity expressed in terms of Shannon index (DIV) and the lowest dominance expressed in terms of Berger-ParkerÕs index of dominance (BOM) in sites characterized by high levels of heterogeneity (1.448; 0.117, resp.). Lowest diversity (1.073) was found in vineyards with agricultural practices type H that, together with type E (European Council Regulation), showed lowest mean values of specimens collected with 10.62 and 10.50 spiders/sample, respectively. Highest values of dominance (0.382) were recorded in a monotonous landscape (group 0). Low-input agricultural practices (group B) presented the highest mean values of spiders per sample (18.45).
Pitfall traps showed comparable levels of diversity according to agricultural practices and highest levels in monotonous landscapes (group 2). The highest value of diversity (SH: 1.391) was found in landscape type 0 (homogeneous) and the lowest level of dominance together with the highest value of mean number of specimens per site were recorded in vineyards of low-input agricultural practices (group B; BP: 0.121; Nm: 8.02 spiders/traps). The apparent higher number of species (45) collected in monotonous landscapes (group 0) is probably because of the higher number of samples performed here.
CCA with Pitfall Data
Correlation among variables in environmental matrix showed weak correlation (Ϫ0.639) between LAND_DIV and WOOD_D variables, attesting the role of wood patches in the landscape of Langa Astigiana in determining higher level of heterogeneity. Axes 1, 2, and 3 evaluated with a Monte Carlo test with 1,000 permutations were signiÞcant (P Ͻ 0.01). Figure  1 shows the ordination of species and sites based on LC scores (linear combination of environmental variables); the Þrst two axes of ordination are shown because they explained most of the variance (14.8%).
Intraset correlations (Ter Braak 1986) of environmental variables indicate that the LAND_DIV and WOOD_D were the main environmental variable inßuencing the ordination (0.901 and Ϫ0.917, respectively). The third variable (GR_H) showed a lower correlation with the Þrst axis of ordination (see summary statistics in Table 6 ).
The approximate ranking of the centers of the distributions of species along the landscape diversity gradient suggests that Dyplostyla concolor and Phrurolithus festivus are not negatively affected by monotonous landscapes, whereas Zelotes oblongus, Aulonia albimana, and Arctosa personata are associated with an higher level of landscape heterogeneity.
CCA with Hand-Collected Data
Axes 1 and 2 are signiÞcant in terms of eigenvalues and speciesÐ environment correlations tested with 1,000 Monte Carlo randomizations. The total variance of species data explained by these two axes is lower than with the pitfall data (9.9%). The Þrst axis accounts for most of the variation (6.5%). Intraset correlations for these axes show that most variance is explained by WOOD_D variable (Ϫ0.934). Figure 2 shows the ordination of species and sites based on LC scores; summary axes statistics are summarized in Table 6 .
The approximate ranking of the centers of the distributions of species along the wood distance gradient indicates that Micrommata virescens, Heliophanus (Table 1) .
cupreus, Arctosa personata, and Alopecosa spp. are mainly found in vineyards close to woods, whereas Achaearanea sp., Theridion spp., and Pardosa hortensis are mainly found away from woods. The variable LAND_DIV seems to negatively affect the presence of Frontinellina frutetorum and Oxyopes sp. and positively affect the presence of Heriaeus hirtus, Philodromus sp., and A. personata. The latter results were similarly inßuenced by the variables in the pitfall data set.
MRPP Applied to Groups
The MRPP applied to spider assemblage composition deÞned by landscape structure showed the highest signiÞcant difference in both assemblages (pitfalltrapped and hand-collected spiders; Table 7 ). The test statistic T, which describes the separation of the groups, was Ϫ5.802 (P ϭ 0.00, A ϭ 0.058) for pitfall sampling and Ϫ6.230 (P ϭ 0.00, A ϭ 0.034) for hand collecting, attesting to the signiÞcance of the assemblages according to landscape groups.
The composition in terms of hunting strategies of these groups is shown in Fig. 3 . In pitfall samples, diurnal wanderers increase with landscape heterogeneity, and sheet web weavers together with dome web spinners decrease. In hand collecting, the three groups differ mostly by the gradient of dominance of dome web spiders, going from nearly 50 to Ͻ10% in group 2. Ambush spider, specialized spiders, and orb web weavers increase with landscape heterogeneity.
Groups according to agricultural practices (Fig. 4 ) in spider assemblages sampled with pitfall traps showed a percentage decrease in terms of nocturnal wanderers and sheet web weavers and an increase in ambush prey and diurnal wanderers from groups H to B. The same trend for sheet web weavers was observed for hand collecting. Orb web weavers increase from group H to group B.
Discussion
Compared with other European agroecosystems such as apple orchards (39 species), maise Þelds (62 species), Leguminosae (21 species), and wheat (45 species) (see Marc et al. 1999) , the number of species collected (96) can be considered high. The two sampling methods differ markedly in species composition, sharing only 13 of 96 species. As seen in many previous studies (Marc et al. 1999) , the two collecting methods sample different assemblages. Therefore, an overall idea of the spider fauna in an agroecosystem can only be provided by different sampling techniques.
The correlations between the environmental variables and the canonical axes are high, indicating that the selected environmental variables account for residual variation in the species data, even if not for the main variation. In view of the limited number of environmental variables in the analysis, it is not surprising that a large portion of the variance in species data is not explained by the ordination performed. As stated in the introduction, spider species composition is affected by several factors, many of them not precisely determined thus far (see Wise 1993) . However, the null hypothesis of no inßuence of agricultural practices or landscape matrix on the spider assemblages living in the vineyards can be rejected. In general, selected environmental variables seem to have a stronger inßuence on the pitfall spider subcommunity, as seen by comparing the two percentages of variance explained. Landscape heterogeneity, mostly related to the presence of woods, seem to be the most important environmental factor for both subcommunities. Agricultural land is a "virtually continuous shifting mosaic of land types, in which organisms are repeatedly disturbed by farming operations" (Halley et al. 1996) . Indeed, most agroecosystems provide no permanent habitats for many species. Hence, the presence of refuge areas, such as relatively undisturbed woods, can become fundamental. As pointed out by Halley et al. (1996) , the effect of introducing a second land type source in a very homogeneous landscape can be dramatic, increasing population size and diversity. It seems that the maintenance of natural patches could allow a major diversiÞcation of spider hunting strategies, which could be important for the control of various pests in agroecosystems (Marc and Canard 1997) .
Despite the scarcity of ecological data on Italian spiders, we can draw some conclusions concerning the potential use of spiders as bioindicators. A. personata indicates landscape heterogeneity in both sampling methods. The same factor resulted correlated with the presence of M. virescens in hand collecting and Heliophanus sp. and Aulonia albimana in pitfall traps. The presence of these species in vineyards also shows the vicinity of woods, as conÞrmed by literature data. The Linyphiids Diplostyla concolor and Frontinellina frutetorum are associated with landscape homogeneity; Fig. 2 . Hand-collecting sample: ordination of sites in environmental space as deÞned by CCA, using LC scores. Triangles are sites, ϩ symbols are species. Legend refers to landscape groups (Table 1) . Groups are deÞned by landscape heterogeneity (groups 0, 1, and 2) and by agricultural practices (groups B, E, and H).
T, test statistic; A, chance-corrected within-group agreement MRPP. these species are reported in literature as euryecious with pioneering habits.
The analysis of prey capture strategies highlights the importance of the considered environmental factors. The results lead to the following interpretations concerning landscape heterogeneity. At least in the study area, the presence of woods close to the vineyard is synonymous with landscape heterogeneity, because woods are the only diverse patches in a very homogeneous matrix (vineyards). The landscape diversity seems to encourage the presence of ambush prey spiders and specialized ones (such as ZodariidsÑ ant spiders) in hand collecting. Sheet and dome web weavers (mostly Linyphiids) seem to replace ambush prey and specialized predators as landscape diversity decreases.
Sheet and dome web weavers (again, mostly Linyphiids) present the same trend when the pitfall samples are considered, because their propensity to engage in aerial dispersal by ballooning can be considered one of the main reasons for their association with homogeneous landscapes (Richter 1970 , Greenstone 1982 .
Although it may be easier to interpret data for pitfall trapped spider assemblages, we suggest that future studies maintain both sampling methods to provide complete data sets of spider assemblages.
The high number of species found indicates that vineyards represent, in general, suitable habitats for a high number of species, and thus our work could represent a necessary starting point for biocontrol purposes in this kind of agroecosystem. In relation to this, landscape diversity can be considered as an important factor in determining spider assemblages.
As pointed out in the discussion (and according to Halley et al. 1996) , sheet web and dome web weavers seem to be inßuenced by landscape structure and management regimens. Their dominance can thus be considered a symptom of a certain degree of increasing in landscape homogeneity.
Further developments of this research will include additional environmental variables closely related to agricultural practices. Spider assemblage data will be compared with other response indicators such as soil infauna, which will help to clarify the role of spiders as bioindicators. In this regard, we are studying a bioindicator system for agroecosystems that will include the use of spider webs as a reliable and feasible tool of study, following the approach described in Groppali (2000) and Þrst applied by Isaia et al. (2004) .
